Background: Isolated limb perfusion (ILP) with tumor necrosis factor alpha (TNF-a) and melphalan, followed by delayed surgical resection and adjuvant external-beam radiotherapy is a limb salvage treatment strategy for locally advanced soft tissue sarcomas. The long-term vascular side effects of this combined procedure were evaluated.
Optimum treatment strategies for locally advanced soft tissue sarcoma (STS) of the extremities have evolved considerably over the past 25 to 30 years. In 1982, Rosenberg et al. 1 showed that amputations or exarticulations of the affected limb do not result in higher survival rates. This made preservation of the extremity and good limb function all the more important. 2, 3 An established limb salvage strategy is to perform a hyperthermic isolated limb perfusion (ILP) with tumor necrosis factor alpha (TNF-a) and melphalan, followed by delayed tumor resection and, in case of marginal or nonradical resection, by adjuvant external-beam radiotherapy (EBRT). 4, 5 Al-though ILP, in which high doses of chemotherapy are regionally delivered, is a technically demanding operative procedure, amputation necessitated by peri-or postoperative surgical complications occurs in <1% of cases. 4 On the other hand, patients undergoing an intentionally limb-saving treatment with ILP still have a short-or long-term risk up to 40% of loss of the affected limb due to massive necrosis of the tumor and overlying skin resulting in a soft tissue deficit, late local recurrence, or critical leg ischemia. 5 In ILP, cytotoxic agents are used, which cause a local toxic effect in the perfused extremity. After investigation of several perfusion agents for STS, the two-drug regimen of TNF-a and melphalan turned out to be highly effective. 4 The pathological tumor microvascularization is the primary target for TNFa, resulting in coagulative and hemorrhagic necrosis of the tumors. 6 Olieman et al. 7 demonstrated by angiography findings of specific destruction of tumor vessels after perfusion with TNF-a, leaving the normal vasculature unchanged. The surgical procedure of ILP, however, exposes the cannulated blood vessels to intravascular manipulation, by means of arteriotomy, venotomy, and the insertion of catheters. Consequently, a 1% to 10% risk of developing acute vascular complications, such as thrombosis at the arteriotomy site and deep-vein thrombosis (DVT), has been described in the literature. [8] [9] [10] Moreover, chemotherapy and atherosclerosis risk factors could have a synergistic role on the development of arterial stenosis. 11 Adjuvant EBRT leads to a high incidence of early and late morbidity. Long-term vascular side effects, in particular arterial stenosis, can be induced by radiotherapy. [12] [13] [14] Because little is known with respect to the late vascular morbidity of the combined procedure of ILP and EBRT, a retrospective study was conducted to evaluate the long-term locoregional vascular side effects of ILP, followed by delayed surgical resection and adjuvant high-dose EBRT.
PATIENTS AND METHODS
From 1991 to 2003, a total of 73 patients with a median age of 54 (range, 14-80) years and with locally advanced STS underwent 77 perfusions with a combination of TNF-a and melphalan, with (n = 19) or without (n = 58) interferon gamma at the Division of Surgical Oncology of the University Medical Center Groningen, University of Groningen. The perfusion technique has been previously extensively described. 15, 16 Perfusion was followed by delayed local resection of the tumor remnant, and in cases of marginal or microscopically positive resection margins, high-dose postoperative EBRT was considered.
In 2005, 39 patients were still alive and in followup. Information about their past and current oncological and vascular status was obtained from the follow-up notes in the medical records. Seven patients were unable to participate in the study because of severe or advanced morbidity or comorbidity (n = 2) or because of nonmedical reasons (n = 5). Consequently, 32 patients, 14 men (44%) and 18 women (56%), with a median age of 47 (range, 14-71) years, were included (response rate, 82%). They completed a vascular checklist that asked questions about their medical vascular history, and they were screened for risk factors of vascular disease, such as smoking, hypertension, and diabetes. A blood sample was drawn to determine the cholesterol spectrum, which was used as an indicator of risk for atherosclerosis. All patients underwent a noninvasive arterial and venous vascular work-up that comprised duplex ultrasonography and vascular pressure measurements. The ankle-brachial index (ABI) and pulsatility index (PI), which are indications of vascular blood flow velocity, were measured to indicate the arterial status of the limb. For evaluation of veins, ultrasonography was performed to detect DVT and insufficiency. All investigations were performed by the same examiner (J.L.).
Five patients had a STS of the upper extremity (16%) treated with axillary perfusion. The remaining 27 patients had a STS located in the lower limb (84%) and were treated with iliac (n = 13, 41%), femoral (n = 5, 16%), or popliteal (n = 9, 28%) perfusion. There were 27 primary STS and 5 recurrent STS. Twenty-four patients (75%) received adjuvant 60 to 70 Gy EBRT in fractions of 2 Gy. Adjuvant systemic chemotherapy was provided to seven patients. Definite histopathological classification of tumor (one embryonal rhabdomyosarcoma and one extraossal osteosarcoma) was the reason in two patients; three patients were treated with chemotherapy because they participated in an European Organization for the Research and Treatment of Cancer trial (EORTC 62931). Two patients received chemotherapy in a palliative setting for distant metastasis. All patients were treated after informed consent was obtained according to institutional guidelines. Twelve different histological types of STS were distinguished. The pathological grade of the tumor was scored following the criteria of Coindre et al., 17 and the stage of the tumor was assigned according to the American Joint Committee on Cancer. 18 Patient and tumor characteristics are summarized in Table 1 .
The results were statistically analyzed by the Wilcoxon rank test and the Mann-Whitney U-test. Values of P £ .05 were considered significant. SPSS 12.0.1 for Windows statistical software was used (SPSS, Chicago, IL).
RESULTS
Before ILP, none of the patients had a history of cerebrovascular insufficiency, coronary artery disease, peripheral arterial occlusive disease, or any other vascular disease. Risk factors for cardiovascular disease, hypertension, diabetes, smoking, obesity, hypercholesterolemia, and familiar arterial occlusive disease were analyzed ( Table 2) .
Two patients underwent vascular reconstruction after en-bloc tumor resection with the artery. One patient underwent a reconstruction of the femoral artery with an infragenual femoral-popliteal bypass, and the second patient underwent a popliteal artery reconstruction with an autologous vein graft. A DVT in the lower leg was diagnosed in the postoperative period in three patients (7.7%).
Nine (23%) of the 39 alive patients underwent a lower limb amputation at different levels after ILP with or without EBRT. No amputations of the upper extremity were performed. In two patients with microscopically involved resection margins, an amputation of the affected limb was indicated because adjuvant radiotherapy was contraindicated. One patient underwent amputation due to tumor recurrence 18 months after ILP and EBRT. Amputation was performed for critical leg ischemia due to atherosclerosis in two patients at 110 and 125 months after ILP and EBRT. Because of severe obstruction of the crural vessels, reconstructive therapy was not suitable.
The other four amputations were performed for extensive postperfusion necrosis of the involved tumor site (three patients at 0, 8, and 12 months after ILP with or without EBRT) and arterial occlusion without any vascular reconstructive possibilities (one patient 15 months after ILP and EBRT).5[A1] Figure 1 illustrates treatment, outcome, and reasons for amputation. Five of the 32 patients included in this study underwent amputation and could therefore only partially undergo vascular follow-up.
Arterial Vascular Disease
With a median follow-up of 88 (range, 17-159) months, no patient experienced peripheral arterial occlusive disease. With duplex ultrasonography, however, two patients showed a complete arterial occlusion at the level of cannulation (6%). One of them underwent an iliac perfusion and EBRT because of a STS of the lower leg in 1993. After 10 years, she had signs of critical leg ischemia, which required a transfemoral amputation. She is now free of pain and can walk with a well-functioning prothesis. The other patient showed an axillary occlusion 10 years after an axillary perfusion, followed by resection and EBRT at the forearm. She did not have any symptoms of arterial occlusive disease, and her arm functions normally. Duplex ultrasonography showed good collateral flow. Two other patients (6%) showed an arterial stenosis at cannulation level at 22 and 30 months after axillary perfusions, followed by EBRT at the upper arm and axilla in one and systemic chemotherapy in both patients. They had normal arm function without any signs of ischemia.
The arteries at resection level were also evaluated. One patient with a fossa poplitea STS had complete occlusion of the superficial femoral artery 6 years after ILP and EBRT, with open arteries below knee level. A femoral-popliteal bypass was considered but was not performed because of the absence of any symptoms. At the time of evaluation, the ABI was .50; the patient did not have any complaints besides compression ulcers on his feet, which responded well to conservative therapy. The patient who needed an autologous vein graft of the popliteal artery has a stenosis at this level without clinical signs of arterial occlusive disease.
Twenty-two of the total 32 patients included underwent ABI measurements; 22 had their PI determined at the femoral level and 20 at the popliteal level. Five patients were excluded because of amputation of the limb; another five were excluded because of a STS located in the upper limb. Of the remaining 22 patients, 18 received postoperative EBRT for the above-described indications.
In 21 of 22 patients, the ABI (normal, ‡1.00) in the treated leg was .91 or more. As mentioned above, one patient had an ABI of .50 without any complaints. ABI measurements in the involved leg (median, 1.02; range, .50-1.20) showed a significant decrease compared with the contralateral leg (median, 1.09; range, .91-1.36; P = .001). Seven patients showed a decreased femoral PI (normal range, 5-10). Six of them underwent an iliac perfusion (86%). Popliteal PI (normal range, 6-12) was decreased in six patients. Perfusion at a more proximal level was performed in four of these patients (67% Table 3 ). There were no differences in objective vascular side effects between men and women, between patients who did or did not undergo EBRT, or between patients <50 years old versus older patients (Table 4 ). In patients with a follow-up period of >5 years, there was more often a decrease in ABI, compared with patients with shorter follow-up (13 of 14 patients vs. 4 of 8 patients, P = .024). With a longer follow-up period, there was also more often a decrease in PI at the femoral level (13 of 14 patients vs. 3 of 7 patients, P = .024), but not at the popliteal level (12 of 12 patients vs. 7 of 8 patients, P = .221) ( Table 5) . No patient required vascular intervention during follow-up.
Venous Vascular Disease
Many patients had some symptoms of venous insufficiency, such as lower limb pain, feelings of heaviness and discomfort, night palsies, paresthesia, and edema. One patient (3%) wore compression stockings because of superficial vena saphena magna insufficiency, and one patient (3%) had unilateral superficial varicosis in the treated leg. Another three patients (9%) showed uni-or bilateral deep insufficient venous vasculature by duplex ultrasonography, which in all cases was located at the level of resection. One DVT (3%) and one partial venous obstruction (3%) were found, both at the resection level. Venous vascular obstruction was not seen at the level of cannulation.
DISCUSSION
ILP with TNF-a and melphalan, with or without adjuvant EBRT, has become an approved treatment strategy for locally advanced STS of the extremities after the publication of the results of an European multicenter trial performed in the 1990s. 4 Because our center was one of the first to use this treatment modality, we now have had more than 10 yearsÕ experience of ILP used to treat STS. This gives us the opportunity to evaluate the long-term treatment-related morbidity. Critical leg ischemia approximately 10 years after ILP, necessitating amputation in two patients, led to an interest of analyzing the vascular complications of ILP with or without EBRT. 5 Despite a complete destruction of tumor vasculature, ILP does not seem to have any effect on the macrovasculature of the perfused limb. 7, 19, 20 However, because atherosclerosis risk factors and chemotherapy could play a synergistic role in the progression of arterial stenosis, patients who already have severe atherosclerotic disease are less suitable for ILP. 11, 19, 20 In our study, many patients had one or more risk factors for atherosclerosis. In the study population, there seemed to be more patients with diabetes or hypercholesterolemia than in the standard Dutch population. The smoking rate is similar (28% vs. 30%); however, another 31% used to smoke (Table 2).
Acute vascular complications after ILP have been described in the literature. Deep-vein thrombosis (DVT) occurs in 1.7% to 10% of cases in the immediate postoperative period. 10 In our studies, three patients (7.7%) had a successfully treated DVT after ILP. DVT seems to be extremely difficult to diagnose because the postoperative effects of ILP itself-a warm, swollen edematous limb-mask the classical symptoms. To prevent this undesired complication, anticoagulant therapy is recommended. Thrombosis at the arteriotomy site has also been mentioned in earlier studies. It was not encountered in this study but should be treated by prompt trombectomy. 9, 21 In case of repeated ILP in the same limb, perfusion through more proximal arterial and venous sites is recommended because fibrosis at the previous oper- e  l  b  i  s  s  o  p  t  o  n  T  R  B  E  ,  n  o  i  t  c  e  s  e  r  l  a  c  i  d  a  r  n  o  N  :  s  h  t  n  o  m  3  e  l  b  i  s  s  o  p  t  o  n  T  R  B  E  ,  n  o 
LATE VASCULAR MORBIDITY AFTER TREATMENT FOR STS
ative site does not allow insertion of the cannulas at the same level. All patients in this study underwent only one ILP.
Long-term effects after ILP are mainly functional and consist of edema, stiffness, functional impairment, and muscle atrophy. [21] [22] [23] Late vascular morbidity after ILP without EBRT has not been previously mentioned in other studies. In our study, one partial arterial occlusion (3%) was found. In contrast, long-term effects of EBRT have extensively been described in the literature. In a study of Butler et al., 12 three types of vascular damage have been described. At first, thrombosis occurs within 5 years after EBRT; a second fibrotic occlusion is seen within 10 years; and finally, a predisposition to the development of atheroma together with periarterial fibrosis is associated with a latent interval of 20 or more years. Rijbroek et al. 24 mention claudication after a latent period. This is masked by the other effects such as pain, functional impairment, and edema. According to Kalman et al., 13 long-term vascular side effects of EBRT resemble the natural process of atherosclerosis, which is a combination of direct damage, periarterial fibrosis, and occlusion of vasa vasorum. The EBRT accelerates this process, sometimes 10 to 27 years after treatment. Little is known about the combined effects of ILP and EBRT. Vrouenraets et al. 22 described one brachial arterial occlusion, but this was only 4 months after treatment. Olieman et al. 16 described the occurrence of necrosis after ILP but did not find any increased tumor-related morbidity after ILP followed by EBRT. In another series, ILP was performed after EBRT, but it did not lead to more local toxicity or complications. 25 In our study, amputation was performed in nine patients (23%). This is higher than the 9% to 21% described in the literature. 4, 26, 27 However, amputations due to long-term complications like critical leg ischemia, which was performed in two patients (5.1%), have not been described in other studies. Furthermore, three complete (9%) and one partial (3%) arterial occlusion were found after the combined procedure.
Fortunately, these patients did not have invalidating symptoms of arterial occlusive disease. In most cases, vascular pressure measurements and duplex ultrasonographic evaluation showed statistically lower values compared with the contralateral extremity, but these were still within the normal range. This could explain the absence of symptoms.
The PI value normally increases progressively from aorta to ankle. A decrease in PI indicates stenosis in a more proximal vascular segment. 28 In our study, six of seven patients with an abnormal femoral PI underwent iliac perfusion. This implies a vascular reaction at the level of cannulation. Furthermore, seven patients showed a decrease in popliteal PI compared with the femoral PI, which implies that vascular damage is present at a more proximal (i.e., cannulation or resection) level. However, with the present data, it is not possible to support this thesis because of the relatively small study population, and the absence of symptoms and other abnormal outcomes of the vascular work-up.
It is important to realize that blood vessels lose their elasticity with the years and are subject to the normal process of atherosclerosis. Furthermore, unilateral peripheral arterial occlusive disease is common. However, the fact that lower rates of ABI and PI were found in the treated leg in almost all ABI, ankle-brachial index; PI, pulsatility index. a n = 12; data for two patients were not available.
patients and that no marked difference was found between younger and older patients makes the assumption of treatment-induced differences plausible.
Because only four patients with a lower leg STS were not treated with adjuvant EBRT, there are still no clinically relevant data about the late vascular damage of the single procedure of ILP. Thijssens et al. 29 showed that adjuvant EBRT seems beneficial in all patients, so it might be impossible to evaluate the sole effects of ILP on the vascular system in the future.
Major late vascular complications after the combined procedure, like critical leg ischemia necessitating amputation, were found in two patients in this study. One patient had no risk factors for peripheral arterial occlusive disease besides smoking. He had had intermittent claudication 8 years after ILP and EBRT, and a normal ABI of 1.09. His condition did not improve after 2 years of conservative therapy and reconstruction was impossible, so he underwent an amputation 125 months after the initial limb salvage treatment strategy. The second patient, who had diabetes mellitus and familial cardiovascular disease, experienced no complications the first few years after ILP and EBRT. After 6 years, she experienced a pathological proximal tibia fracture due to radiationinduced osteonecrosis in the previous surgically treated area and needed to wear a brace. She lived for 3 years with a disabling function impairment of the knee and then developed signs of critical leg ischemia. An upper leg amputation was performed 110 months after the initial treatment. She now walks with a wellfunctioning prothesis.
The importance of leg preservation has been mentioned before. Even though most patients still are satisfied with the initial limb-saving treatment that they underwent, amputations due to major late complications with severe morbidity make the rationale of limb salvage worth reconsidering.
Recently, one patient was successfully treated with thrombectomy for an acute popliteal artery occlusion. This patient, who underwent an ILP at femoral level followed by EBRT for a STS in the fossa poplitea 5 years before, had no complaints of peripheral arterial occlusive disease during his vascular work-up for this study 10 months earlier. ABI (1.03) and femoral PI (6.3) were normal; popliteal PI was low (5.3). With duplex ultrasonography, some atherosclerosis in the femoropopliteal section was seen. This patient has diabetes and hypertension, is obese (body mass index >30), and was a former smoker, so he was especially at risk for developing atherosclerosis.
This study shows that despite the importance of preventing major late vascular complications after the combined procedure of ILP and EBRT, a routine noninvasive vascular work-up does not seem to add value to normal follow-up. It is more important to realize that patients after the limb salvage treatment strategy of ILP, followed by delayed tumor resection and EBRT, are at risk for late vascular complications. This risk is substantially raised when personal risk factors such as smoking, diabetes, hypertension, obesity, and hypercholesterolemia are present. Because symptoms of vascular complications can be masked by the normal effects of the treatment itself, the possibility of vascular morbidity should be considered if the patient has any complaint. Furthermore, all patients must be convinced of the importance of reducing their additional personal risk factors for atherosclerosis.
In conclusion, objective measurements show a time-related decrease (>5 yearsÕ follow-up) of ABI and femoral PI in the treated leg, usually without subjective complaints. ILP followed by delayed resection and EBRT for a locally advanced STS can lead to major late vascular morbidity that requires amputation.
